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(54) A gas detector 

(57) The detector comprises two sources 21, 22 of infra-red radiation and reflectors 23, 24 and filters 25, 26 to provide two 
coliimated beams of different frequencies which are combined 26. The combined beams are split by beam splitter 27 so that 
part passes to a compensation detector 29 and part is passed through a sample of gases which are being examined. A 
retro-reflector 32 returns the gas along the same path 31 through the beam splitter 27 and onto a measuring detector 34. 

The filter 25 allows the transmission of a narrow band of infra-red radiation which exhibits absorption by the gas to be 
detected. The filter 26, which may be part of the combiner, allows a waveband of infra-red radiation to pass which exhibits 
less absorption by the gas to be detected. The relative intensities of the components of the combined beam emerging from 
the sample are examined by the sensor 34 to produce an indication of whether the gas to be detected is present in the 
sample. 

A third source of infra-red radiation may be provided to facilitate the detection of a further gas (Fig. 3). 
The components of the optical system are housed in a moulded substrate and the mountings for the optical elements 
are provided on the substrate. 
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A GRS DETECTOR 

Operations on industrial sites such as coal mines, oil platforms or 
chemical processing plants are dependent on continuous monitoring of 
the environment to provide early warning of the build-up of 
ocaiibustible or toxic gases before dangerous levels are reached. 
Instruments for itonitoring must be sufficiently rugged and robust to 
stand up to the harsh environment of such industrial sites. 

For gas or vapour detection in such operations, the selective 
absorption of electromagnetic radiation by the offending gases 
provides a basis of detection which has been applied in instrument 
design. 

The present invention relates to an apparatus for detecting a gas by 
selective absorption of optical radiation. 

The present invention also relates to a gas detector apprising a 
substrate carrying an arrangement of optical elements. 

Gas detectors based on the optical absorption of radiation depend on 
using a narrow band of radiation centred on a frequency which is 
identifiable with a strong absorption in the absorption spectrum of 
the gas to be detected. The term "optical" is used to refer to 
radiation ranging between ultra-violet and infra-red. 

In one form of a gas measuring instrument, a radiation beam of a 
narrow waveband is passed alternately along an optical path 
through a gas mixture containing the gas to be detected and along a 
reference path where the beam is not exposed to the gas to be 
detected. The reference path may be through a reference gas 
transparent to radiation of the particular waveband. The absorption 
of the radiation by the gas to be detected can be derived frcm the 
difference in the measured intensities of the beam passed along each 
optical path and hence the concentration of the gas can be 
determined. 
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The selection of alternate optical paths can be achieved either by 
itechanical means which deflect the beam into the fixed separate 
optical paths, or by mechanical means, such as a rotor, which 
successively present the gas to be detected and the reference gas 
to the beam of fixed frequency. The reference gas may be contained 
in a tube which is an integral part of the rotor. An example of 
this type of arrangement is described in UK Patent No. 1601233. 

A second type of detector measures the absorption of radiation 
passed along a single fixed optical path through a mixture of gases 
containing the gas to be detected by successively passing a first and 
a second waveband along the optical path. The first waveband is 
centered on a frequency which exhibits strong absorption by the gas 
to be detected, and the second waveband is centered on a nearby 
frequency the absorption strength of which by the gas to be detected 
is known as a fraction of the absorption strength of the first 
frequency. The successive selection of the first and second 
wavebands can be achieved by a rotating wheel, or other mechanical 
means, which successively present band-pass filters to the beam to 
successively select the first and second wavebands for transmission 
along the optical path. ■ 

The need for moving parts in the instruments described is a major 
limitation in the design of instruments to meet the environmental 
requirements of industrial sites. This limitation applies to both 
fixed-location and also portable instruments. 

Previous attempts to overcome the need for moving parts have 
involved two broad band sources with separate filters to select a 
measurement waveband corresponding to an absorption feature of the 
gas to be detected and a reference band to which the gas to be 
detected is transparent. Radiation from one source is re-directed 
by a beam splitter on to a common optical axis with radiation from 
the other source and thence onto a collimating lens from which the 
collimated emergent beam transverses an open path wherein the gas to 
be detected is present. A reflector returns the radiation back 
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along the same path throu^i the rollimating lens and thereafter is* 
diverted by a beam splitter on to a detector* The radiation beams 
are separately and differently modulated so that the detected 
radiation at the two wavelengths can be individually detected. 

In such an arrangement both sources and detector must be placed 
close to the focus of the collinating lens or the foci as defined by 
the beam splitters. The optical efficiency of this system is 
limited by the aperture of the collimating lens. For a practically 
sized lens, this limitation results in operating the sources at an 
appreciable power level, necessitating a cooling system for the 
equipment and means to prevent oxidation of the metal elements of 
the sources which iirpairs their emission. This is usually achieved 
by filling the entire enclosure of the instrument with an inert gas 
which can lead to difficulties in servicing and adjusting the 
instrument. 

According to a first aspect of the present invention there is 
provided a gas detector including an arrangement of optical elements 
conprising a first source of electromagnetic radiation at a first 
waveband, a first collimator to collimate the radiation of the 
first source into a first collimated beam/ a second source of 
electromagnetic radiation at a second waveband, a second collimator 
to collimate the radiation of the second source into a second 
collimated beam, a beam combiner to combine the first and the second 
collimated beams, means for passing the combined collimated beam 
through a sample of gas including the gas to be detected, and a 
photosensitive detector for measuring the intensity of the combined 
beam emergent from the gas sample. 

Preferably the first waveband is centred on a frequency which 
exhibits an absorption characteristic with the gas to be detected, 
and the second waveband is centred on a frequency which exhibits a 
different absorption characteristic with the gas to be detected. 
Preferably the absorption of the second waveband is a known ratio of 
the absorption of the first waveband. 
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Hie term "ratbiniiig the beams" is intended to refer to the alignment 
of the beams an a common optical axis. 

An or each collimator preferably emprises a parabolic 
reflector, still preferably an off-axis parabolic reflector, at or 
near the focal point of which is placed the source of radiation to 
be collimated. Other concave-surfaced reflectors may be used to 
give sufficient focusing with finite sized sources and detectors. 
Multi-faceted reflectors may also be used. 

The arrangement of optical elements is preferably located in a 
sealable enclosure, having a window transparent to the radiation at 
the first and the second waveband frequencies. Hie radiation 
emergent f ran the gas sairple is preferably reflected back into the 
enclosure by a suitably placed reflector. The reflector is 
preferably a retro-reflector. 

It may be an advantage of the invention that the cxniibination, and 
any subsequent splitting or combining of the beams will be effected 
on collimated beams and hence the distances between the combiners, 
splitters and sources are not critical. Furthermore, additional 
sources, each with a suitable filter, may be added in an optical 
sub-arrangement to produce beams of electromagnetic radiation of 
additional wavebands which are then added to the combined collimated 
beam. 

An advantage of using a concave-surfaced reflector to produce a 
collimated beam of radiation may be that low power sources, for 
example minature filament bulbs, may be placed at or near the focal 
point of the reflector thus reducing the problem of heating effects 
produced by the source. 

According to a second aspect of the invention there is provided a 
gas detector cofftprising a substrate carrying an arrangement of 
optical elements, including at least one source of electromagnetic 
radiation and at least one photosensitive detector, wherein 
itDuntings for one or irore optical elements are integrally moulded with 
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the substrate. 

In one form of the invention, the optical elements include at least 
one reflector which co npri ses a reflective coating deposited on a 
surface of the substrate. The reflective coating may be further 
coated in a protective layer, for example of magnesium fluoride or 
silicon oxide. 

Preferably the substrate forms part of a sealable enclosure. 

Such a gas detector may have the advantage that the location and 
alignment of an or each of the optical elements can be predetermined 
and fixed. This has advantages in the design of a robust instrument 
apprising an arrangement of optical elements. Furthermore, the 
sealed enclosure can be readily filled with an inert gas, or it may 
contain a dessicant to produce a dry gas by the removal of water 
vapour, or it may contain an absorbing material, to remove corrosive 
materials or interferent gases, such as for example carbon dioxide 
from air. Only this enclosure need be filled with the gas or 
contain the dessicant or absorbing material, if all the optical 
corrponents that may be vulnerable to the atmosphere are contained 
therein. 

According to a further aspect of the present invention there is 
provided a gas detector having the arrangement of optical elements 
described above, wherein mountings for the sources, the detector 
and the beam combiner are integrally moulded with a substrate 
forming part of a sealable enclosure and, where appropriate, the 
concave-surfaced reflectors ccanprise reflective coating deposited 
on preshaped surfaces of the substrate. 

A gas detector according to this aspect of the invention can 
provide an apparatus which is robust and capable of withstanding the 
harsh environment that may be encountered in the on-site detection of 
gases. Futherrore, the compact design and good optical efficiency, 
allowing low power sources to be used, are features particularly 
suited for a portable instrument. 



A preferred eodbociiirent of the present invention will now be 
described with reference to the accratpanying drawings; in which 

Fig. 1 shows schematically an optical arrangement for a gas detector 
according to the present invention 

Fig. 2 shows schematically a modification of the arrangement shown in 
Fig. 1 

Fig. 3 shows schematically a further modification of the arrangement 
shown in Fig. 1 including an optical sub-arrangement 



Refering to Figure 1, this shows schematically the optical 
arrangement for a detector using two sources of radiation to provide 
two distinct wavebands to detect one gas. 

A first source 21 is placed at the focal point of a first off -axis 
parabolic reflector 23 and a second source 22 is placed at the focal 
point of a second off -axis parabolic reflector 24. The radiation 
from each source is collimated by the respective reflector. A band 
pass filter 25 is placed in the path of the radiation produced by 
the first source 21 to allow the transmission of a narrow range of 
frequencies of infra-red radiation centred on a frequency which 
exhibits an absorption characteristic in the infra-red absorption 
spectrum of the gas to be detected. The transmitted, collimated 
beam produced by the first source 21 is hereinafter referred to as 
the sanple beam. The beam from the second source 22, collimated by 
the second off-axis parabolic reflector 24 inpinges on a reference 
filter 26 inclined at an angle of 45 degrees to the axis of the 
beam. The reference filter is similar to the first band pass filter 
and is selected to transmit infra-red radiation of a narrow range of 
frequencies centered on a frequency at which the absorption strength 
by the gas to be detected is a known ratio of the absorption 
strength of the sanple beam. For example, this ratio may be zero. 
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The beam emergent from the reference filter 26 is hereinafter 
referred to as the reference beam, The reference beam is preferably 
centred at a frequency nearby that of the sample beam so that the 
two beams are similary transmitted and reflected through the optical 
system. 

The reference filter and beam cxsnbiner, 26 also acts as a 
reflector to the sample beam and effectively carbines the sanple 
beam, once reflected, with the reference beam into a single 
collimated beam. A beam splitter 27 divides the combined sample and 
reference beam into a transmitted portion and a reflected portion. 
The transmitted portion impinges on a third off -axis parabolic 
reflector 28 which reflects and focuses this transmitted beam to a 
conpensation detector 29 located at the focal point of the third 
parabolic reflector 28. 

Alternatively, a non-filtering beam combiner, 37 may be used in 
conjunction with a reference filter 39 placed in the path of the 
reference beam between the second source 22 and the beam combiner 
37. This modification is shown in Figure 2. 

The portion of the combined collimated beam reflected by the beam 
splitter 27 passes normally through a parallel-sided window 30 to 
traverse an optical path 31 through a mixture of gases including the 
gas to be detected. The beam emergent from the gas sanple is 
reflected by a retro-reflector 32 to return through the gas sanple 
along the optical path 31 and through the window 30 to the beam 
splitter 37. The return beam is transmitted by the beam splitter 27 
to be focused by a fourth off-axis parabolic reflector 33 to a 
measurement detector 34 located at the focal point of the fourth 
parabolic reflector 33. 

Each of the four off-axis parabolic reflectors 23, 24, 28 & 33 
comprises a reflective coating deposited on a surface of a substrate 
forming part of an optical block 35. The mountings for the first 
and second sources 21 & 22, the band pass filters 25 & 26, the beam 
splitter 27, the window 30 and the detectors 29 and 34 are 
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integrally formed with the substrate forming part of the optical 
block. 

The optical block 35 is solid and, in the present embodiment, is 
made of a roulded plastics material. It may have any number of its 
faces noulded as mountings for optical elements or moulded as 
surfaces for reflectors. The remaining faces of the block can be 
separately formed and attached to the integrally moulded face(s) to 
form a gas-tight seal. In another embodiiient, the entire block is 
an integral moulding. 

The surfaces of the parabolic reflectors 23, 24, 28 and 33 are 
formed by depositing a layer of a reflective material on the 
preformed parabolic shaped faces of the substrate. A suitable 
reflective material is a metal such as aluminium, which provides an 
accep tab le reflectivity. The deposited metal may be additionally 
coated in a protective layer of, for example, magnesium fluoride or 
silicon oxide. 

In the present embodiment, the optical block is completely sealed 
and filled with dry air or an inert gas such as nitrogen. It can 
also be fitted with chemical dessicants or chemical absorbers to 
prevent corrosion or oxidation of the reflecting surfaces and to 
rerrove spectroscopic interf erents . 

Only the optical block is filled with dry air or inert gas. The 
power supply and electronic circuitry are contained in a separate 
part of the instrument and are thus easily accessible for 
maintenance. 

The window 30 is formed of a material which transmits the 
reference beam and the sanple beam with minimum absorption. For 
exanple, in the detection of methane, a suitable window material is 
calcium fluoride which is transparent to both the reference beam and 
the sanple beam, characteristically of wavelength 3.0 and 
3,3 urn, respectively. The window may be secured directly to the 
optical block, for exanple by adhesive. Alternatively, it may be 
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held by clamping means which include means for producing a gas seal 
between the optical block and the window, for exairple an '0' ring 
seal. 

The length of the optical path 31 through the gas mixture may be 
varied. The retroref lector may be integrally formed with the 
instrument. Alternatively it may be separately located to allow for 
a long open optical path 31. For atbodiments having an integrally 
formed retroreflector, the length of the optical path 31 may be 
altered by mechanical means, such as for example spacers or a screw 
mechanism. The adjustment means are located outside the sealed 
optical block and hence may be easily adjusted without the risk of 
disturbing the inert atmosphere in the block. The adjustment 
allows for accomrtDdation of a range of sensitivities of detection and 
for optimisation of the sensitivity of detection for any one given 
gas. It will also permit the detection of different gases that 
absorb the sanple beam to different extents. 

The advantage of using a retro reflector 32, such as an array of 
corner cubes, is that the need for accurate alignment of a plane 
mirror reflector at a normal to the combined collimated beam is 
avoided. A plane mirror accurately aligned to reflect the 
combined collimated beam falling normally thereon could of course be 
used instead of a retro-reflector. 

One of the advantages of using an optical source placed at the focal 
point of an off -axis reflector is that small low power sources, 
such as minature filament bulbs, may be used, and the problem of 
countering the heating effect of a larger bulb is reduced. 

The first and second sources 21 and 22 are modulated by sequential 
pulsing so that the signals produced by the compensator detector 29 and the 
measurement detector 34 can be processed to extract signals 
corresponding to the intensity of the sanple beam and the reference 
beam. The sources are preferably poised with a selectable mark to 
space ratio. 
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The first and second sources may be solid state light emitting 
diodes which produce narrow band output centred on the required 
frequency. This type of source has the advantage that the 
associated reference and sample filters may be omitted. 
Additionally, this type of source may be pulsed at a high frequency 
to provide modulation and to improve the discrimination against 
background noise in the detected signal. 

Various types of solid state detectors may be used for the 
compensation and measurement detectors, chosen for their efficiency 
and response at the particular waveband of operation. The 
compensation detector 29 and the measurement detector 34 may be 
of the pyroelectric type which respond uniformly over a wide 
waveband. One of the advantages of this type of detector is that 
it integrates the energy received in each pulse. It is therefore 
possible to compensate for loss of efficiency, as a result of 
foreign material deposited on the optical surfaces, by varying the 
mark to space ratio of the pulsing of the source to maintain the 
power level sensed at the measuring detector. Its placement at the 
focal point of a parabolic reflector means that a small detector can 
be used without loss of efficiency. 

Figure 3 shows a further modification of the optical arrangement 
comprising an optical sub-arrangement consisting of a third 
source 41 placed at the focal point of a fifth off-axis parabolic 
reflector 42 and a further beam combiner 43. The radiation from the 
third source passes through a third band pass filter 44 to select 
radiation of a narrow range of frequencies centred on, for example, 
a frequency which exhibits an absorption characteristic in the 
absorption spectrum of a second gas to be detected, the second gas 
being in the mixture of gases including the first gas. 
Alternatively, the centre frequency of the third beam could 
correspond to a second characterisitic in the absorption spectrum of 
the first gas to be detected. 

This sub-arrangement is placed in the optical block between the 
reference filter 26 and the first beam splitter 27 to achieve 
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examination of the oollimated beam from the fifth parabolic 
reflector 42 with the combined oollimated sample and reference 
beams. The fifth parabolic reflector 42 is similar to the other 
parabolic reflectors and canprises a reflective coating deposited on 
a surface of the substrate forming part of the optical block. 
Similarly, the mountings for the third source 41, the third filter 
44 and the further beam combiner 43 are integrally formed with the 
substrate. 

It will be appreciated that any number of additional sources, each 
with a band pass filter, to select a predetermined waveband, and a 
concave-surfaced reflector to produce a oollimated beam, which 
beam is then combined with the combined sample and reference beam, 
could be used in the gas detector to detect any number of gases or 
to detect a gas by the absorption of any number of characteristic 
absorptions of the gas, by suitable selection of waveband frequency. 

The instrument described has relied on the absorption of infra-red 
radiation but it will be appreciated that the concave-surfaced 
reflectors, the retro-reflector, the detectors and the window are 
not wavelength specific and by suitable selection of beam splitters, 
beam corrbiners, sources and filters, the optical arrangement is 
suitable for measuring the absorption by gases, vapours or liquids 
of radiation of wavelength in the general range of ultra-violet to 
infra-red (from approx. 200 nm to 20000 nm). 



1. A gas detector including an arrangement of optical elements 
comprising a first source of electromagnetic radiation at a first 
frequency, a first collimator to collimate the radiation produced by 
the first source into a first oollimated beam, a second source of 
electromagnetic radiation at a second frequency, a second 
collimator to collimate the radiation produced by the second source 
into a second oollimated beam, an beam combiner to combine the first 
and second collimated beams, means for passing the combined 
collimated beam through a sample of gas to be detected and a 
photosensitive measurement detector for measuring the intensity of 
the ccffribined beam emergent from the gas sample. 

2. A gas detector according to claim 1, wherein the detector is of 
the type that selectively measures the intensity of the radiation at 
the first waveband and the intensity of the radiation at the second 
waveband. 

3. A gas detector according to any of the above two claims, wherein 
the emission from the first and second sources is modulated. 

4. A gas detector according to any of the above claims, further 
including a compensator detector. 

5. A gas detector according to claim 4, further conprising a beam 
splitter positioned in the path of the combined collimated beam to 
divide the input beam into two output beams, one of which is passed 
to the compensator detector. 

6. A gas detector according to any of claims 4 to 5, wherein the 
conpensator detector is placed at or near the focal point of a 
concave-surfaced reflector. 

7. A gas detector according to any of the above claims, further 
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including a reflector to reflect the beam emergent from the gas 
sample back therethrough. 

8. A gas detector according to claim 6, wherein the reflector is a 
retro-reflector . 

9. A gas detector according to any of claims 7 to 8, wherein the 
reflector is an integral part of the arrangement of optical 
elements. 

10. A gas detector according to any of claims 7 to 8, wherein the 
reflector is separate from the arrangement of optical elements. 

11. A gas detector according to any of the above claims, wherein an 
or each collimator comprises a concave-surfaced reflector at the 
focal point of which is situated the source of radiation to be 
collimated. 

12. A gas detector according to any of the above claims, wherein an 
or each source of electromagnetic radiation comprises a broad band 
source the output of which is passed through an optical band pass 
filter to select a predetermined frequency of radiation before being 
combined at the beam combiner. 

13. A gas detector according to any of claims 1 to 11, wherein an or 
each source of electromagnetic radiation comprises an unfiltered 
source of narrow band width. 

14. A gas detector according to any of claims 1 to 11, wherein an or 
each source of electromagnetic radition comprises a light emitting 
diode source of narrow band width. 

15. A gas detector according to any of the claims 1 to 12, wherein an 
or each beam combiner also acts as a filter to select a 
predetermined waveband of electromagnetic radiation. 

16. A gas detector according to any of the above claims, wherein 



the first waveband is centred on a frequency which exhibits an . 
absorption characteristic with the gas to be detected, and the 
second waveband is centred on a frequency which exhibits a different 
absorption characteristic with the gas to be detected. 

17. A gas detector according to claim 15, wherein the absorption of 
the second waveband is a known ratio of the absorption of the first 
waveband. 

18. A gas detector according to any of the above claims, wherein 
the photosensitive measurement detector is placed at or near the 
focal point of a concave-surfaced reflector. 

19. A gas detector according to any of claims 6 to 18, wherein the 
concave-surfaced reflector is an off -axis pa r abolic reflector. 

20. A gas detector according to any of the above claims, further 
comprising a third source of electromagnetic radiation at a third 
frequency, a third collimator to colliroate the radiation of the 
third source into a third collimated beam and means for ccnfoining 
the third collimated beam. with the combined collimated beam. 

21. A gas detector according to claim 20, wherein the means for 
combining the third beam with the combined beam comprises a beam 
combiner. 

22. A gas detector according to any of the above claims, wherein an 
or each optical element in the arrangement which is not a reflector 
is held by a irounting which is integrally formed with a substrate. 

23. A gas detector according to claim 22 containing a reflector 
which is a integral part of the arrangement of optical elements, 
wherein the reflector is integrally formed with the substrate. 

24. A gas detector according to any of claims 22 to 23 including 
at least one concave-surfaced reflector wherein an or each concave- 
surfaced reflector comprises a reflecting coating deposited on a 
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surface of the substrate. 

25. A gas detector according to any of claims 22 to 24, wherein the 
substrate forms part of a seal able enclosure. 

26. A gas detector acccording to claim 25, wherein the scalable 
enclosure is sealed and filled with an inert gas, or contains a 
dessicant or other absorbent. 

27. A gas detector comprising a substrate carrying an arrangement 
of optical elements including at least one source of electraiagnetic 
radiation and at least one photosensitive detector, wherein 
nountings for one or more optical elements are integrally moulded with 
the substrate. 

28. A gas detector according to claim 27, in which the optical 
elements include at least one reflector which comprises a reflective 
coating deposited on a surface of the substrate. 

29. A gas detector according to claim 28, wherein the reflective 
coating is a layer of aluminum. 

30. A gas detector according to claim 28 or 29, wherein the 
relective coating is further coated with a protective layer, such as 
magnesium fluoride or silicon oxide. 

31. A gas detector according to any of claims 27 to 30, wherein the 
substrate is formed from a plastics material. 

32. A gas detector according to any of claims 27 to 31, in which 
the substrate forms a sealed housing for the optical elements. 

33. A gas detector according to claim 32, in which the housing is 
filled with an inert gas or contains a dessicant or other absorber. 

33. A gas detector substantially as hereinafter described with 
reference to the acoonpanying drawings. 



